Intrahepatic cholestasis of pregnancy (ICP) is a pregnancy-specific liver disorder which typically commences in the late second or third trimester and resolves within 48 hours after delivery. It is characterized by mild to severe pruritus, without any specific dermatologic features, elevated liver enzymes and increased serum bile acids (BA). The etiology of ICP is still not completely explicit. Pathogenesis includes a combination of hormonal and environmental factors superimposing on a genetic predisposition. During recent years increasingly ICP is recognized to be associated with an abnormal metabolic profile, including glucose intolerance and dyslipidemia, although it is considered to be secondary to maternal aberrant BA homeostasis. This article reviews the recent literature data and current concepts for ICP, with emphasis on a possibility of metabolic disorders being primary causative factors in ICP pathogenesis.
Introduction
Intrahepatic cholestasis of pregnancy (ICP), also described as obstetric cholestasis or hepatosis gestationalis, is the most common pregnancy-specific liver disease. This reversible form of cholestasis typically presents in the late second or third trimester with otherwise unexplained itching and elevated serum total bile acid (TBA) level, as well as abnormal serum liver tests. All of the symptoms cannot be explained by other liver disease and usually dissolve within 48 hours following the delivery of the fetus [1, 2] . It is the second most frequent cause of jaundice in pregnancy following viral hepatitis [3] . The frequency of ICP varies widely with ethnicity and geographic location between 0.1% and 25%. It is considerably more frequent in South Asian (0.8-1.46%) and South American populations with the greatest prevalence up to 25% in women of Araucanian Indian [2, 4] . More recently, this has fallen to approximately 1.5-4% due to revision risk of ICP among HCV-infected pregnant women but also an increased risk of later HCV infection among ICP patients suggesting potential benefits of screening for hepatitis C in women with signs of ICP.
Also women of relatively advanced age (over 35 years) were at increased risk of developing intrahepatic cholestasis [11] . There is a higher incidence of ICP in women with a multiple pregnancies (14% in twin and 43% in triplet pregnancies). This condition is explained by higher levels of estrogens in multiple pregnancies in comparison with singleton pregnancies [12] . Wikström et al. [13] found that ICP women had significantly lower levels of 1,25-D 3 in serum than healthy women (76.4 vs. 112.0 ng/l, p = 0.004) at delivery in spite of the fact that parathormone levels did not differ between this two groups.
It has also been suggested that ICP patients had significantly lower Se plasma levels than non-ICP pregnant women. Additionally copper plasma levels correlated with the biochemical severity of the disease [14] . The definite role of Se bile secretion has yet to be elucidated, although the role of Se as a co-factor of enzymes in oxidative metabolism in the liver may explain the impact on ICP pathogenesis. ICP is considered to be more common in the winter months. This conclusion is based on studies including women populations of Finland, Sweden or Chile [14] [15] [16] and it is strictly related to natural lower levels of selenium and vitamin D during winter.
The etiology of ICP is still not completely explicit. Most of the publications emphasize complex and multifactorial character of this condition. Pathogenesis includes a combination of hormonal and environmental factors superimposing on a genetic predisposition [17] .
Maternal course of ICP is mostly mild, except an aggravating pruritus, without any severe long-range complications. However, it is necessary to highlights the possibility of postpartum bleeding as the leading causes of maternal morbidity. Contrarily, fetal outcomes can be much worse, including a 3-to 5-fold increased risk of fetal death in utero [18] . Furthermore, ICP is associated with increased risk of such fetal morbidities as meconium staining of amniotic fluid, cardiotocography (CTG) abnormalities, spontaneous preterm labor and respiratory distress syndrome that is independent risk factor of premature birth [2] . The fetal complications in intrahepatic cholestasis of pregnancy are believed to be related to high levels of bile acids (BA) in the fetal serum. Glantz et al. [19] found increase in fetal risk in ICP patients with BA levels > 40 µmol/l. Obtained results confirmed this hypothesis. Moreover, one of the studies presented direct evidence that ICP can program metabolic disease in the offspring, showing altered metabolic phenotypes in 16-year-old teenagers from ICP mothers who were not diabetic or lean/obese. Papacleovoulou et al. [20] analyzed the Northern Finland birth cohort 1985-1986 database to learn whether ICP affects metabolic health of children. They found significantly increased BMI and fasting insulin in males compared with their contemporaries of normal pregnancies. In females, in relation to females from normal pregnancies, increased hip girth and waist girth with decreased fasting HDL cholesterol were noticed.
The present article reviews the recent literature data and current concepts for ICP, with emphasis on an association between metabolic disorders and pathogenesis of ICP.
Clinical presentation
Intrahepatic cholestasis of pregnancy is characterized by mild to severe pruritus (an unpleasant sensation of the skin that provokes the desire to scratch) starting in the late second or third trimester, with up to 80% of women presenting after 30 weeks of gestation. It is the most common symptom and sometimes the only clinical manifestation of cholestasis. The pruritus classically affects the palms and soles, and gets worse at night, leading to insomnia and fatigue afterwards. There are no specific dermatologic features associated with ICP, apart from excoriations due to scratching, which are rather common [2, 17] . Clinical jaundice is rare, affecting approximately 14-25% of pregnant women with ICP, and if it does occur, it tends to be mild [21] .
Women with ICP may have systemic symptoms of cholestasis, including dark urine and steatorrhea due to fat malabsorption.
Diagnosis
The diagnosis of ICP is partially a diagnosis of exclusion, because it is essential to exclude other conditions which are included in the differential diagnosis of cholestasis and hepatic disease. Liver function tests are to be performed in every pregnant woman who experiences pruritus. The increase of serum BA levels in combination with typical pruritus is highly suggestive of the diagnosis of ICP.
The most sensitive and specific marker for diagnosis is the serum TBA level, with increase concentration > 11 μmol/l to be indicative of ICP. Furthermore, characteristic rise in cholic acid (CA) and a decline in chenodeoxycholic acid (CDCA) levels leading to a marked elevation in the CA/CDCA ratio may be detected. Reduction of glycine/taurine ratio may also be present [17, 22] . Another laboratory abnormality which may occur even before the rise of TBA is the elevation of liver transaminase activities. A mild elevation in liver enzymes may be detected in up to 60% of the subjects. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities rarely exceed two times the upper limits of norm in pregnancy, but it may also raised up to 30-fold [2, 17] . An elevated γ-glutamyltransferase (GGT) activity occurs in less than one-third of patients with ICP and may give insight into the genetic etiology of disease. Serum bilirubin levels may be elevated (rarely reaches 6 mg/dl), alkaline phosphatase, physiologically raised during pregnancy, is higher than expected (around four times of normal). Liver biopsy is not routinely required and it is pursued only in cases of jaundice with no pruritus, the beginning of symptoms before 20 week of gestation, and sustained abnormal laboratory findings beyond 8 weeks after delivery [23] .
Etiology and pathophysiology
The etiology of ICP is influenced by a combination of genetic, endocrine, and environmental factors. The evidence, that reproductive hormones are included in the etiology of ICP, is provided in several studies. The disease is more frequent in the case of higher circulating estrogen and progesterone levels, e.g. multiple pregnancies (20.9% in multiple vs. 4.7% in singleton pregnancies) [23] . Additionally, Williamson et al. [24] presented that some women with a history of ICP developed pruritus on consumption of the combined oral contraceptive pill, which leads to similar conclusion. Estrogen role in the development of cholestasis is associated with reduction of hepatic biliary transport proteins expression and through internalization of the bile salt export pump (BSEP) [2] . Also progesterone is of considerable importance in the etiology of ICP. One of the studies improves that sulfated progesterone metabolites are supraphysiologically raised in the serum of ICP patients and as partial agonists of farnesoid X receptor (FXR) reduce the function of the main hepatic bile acid receptor [25] .
Genetic defects in at least six canalicular transporters have been found to be associated with ICP. The most extensively studied mutations refer to ATP binding cassette subfamily B member 4 (ABCB4) gene, which encodes the multidrug resistance protein 3 (MRP3), acting in biliary phosphatidylcholine excretion. Genetic variation in ATP8B1, which encodes the phosphatidylserine flippase (FIC1), has been found in some cases of ICP, however its role in pathogenesis is vague, because one of the expanded study showed no significant evidence for association with ATP8B1. Heterozygous mutations of ABCB11 have been recognized as having a smaller but important role in the etiology of ICP. In particular, the European study identified six single nucleotide polymorphisms (SNIPs) in ABCB11gene, significantly associated with risk for ICP [26] . Also canicular transporters such as ABCC2, NR1H4 and fibroblast growth factor 19 (FGF19) have been described in molecular pathogenesis of cholestasis [7] . In addition, many other loci have been examined, usually in small studies, but they require further investigations [27] .
In the recent years the role of immune system abnormalities have been considered as an important etiological factor of ICP [28] [29] [30] . Zhang et al. [31] presented the higher expressions of peroxisome proliferator-activated receptor γ (PPAR-γ) and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) in ICP placenta and then induced abnormal serum levels of cytokines interleukin 4 (IL-4), IL-6, IL-12 and tumor necrosis factor α (TNF-α). This condition might disturb the balance of inflammatory and immune reaction, placental BA and serum lipids transport, finally resulting in fatal cholestasis and probably one of the mechanism of ICP. Such findings may conceive a potential target for future therapy.
Environmental factors, such as seasonal variations, related to low maternal vitamin D levels or reduced dietary Se intake, and HCV co-infection were described wider above.
Intrahepatic cholestasis of pregnancy and metabolic disorders
As it was mentioned before, the mechanisms responsible for the development of ICP in otherwise healthy pregnancies are still not fully understood. During recent years increasingly ICP is recognized to be associated with an abnormal metabolic profile. Several studies confirmed ICP to be characterized by glucose intolerance and dyslipidemia, consistent with the changes observed in the metabolic syndrome. This adverse effect was considered to be secondary to maternal aberrant bile acid homeostasis.
An association between glucose intolerance and dyslipidemia in ICP has previously been reported [32, 33] . Martineau et al. [34] performed a retrospective case-control study to evaluate the association between ICP and gestational diabetes mellitus (GDM). Of the 57 724 pregnancies, between February 2005 and June 2011, 143 were complicated by ICP (0.25%) and 4880 by GDM (8.5%). Nineteen ICP cases had GDM. The incidence of GDM in pregnancies complicated by ICP was 13.6% (OR 1.68, 95% CI: 1.04-2.72, p = 0.03). Among women with ICP the incidence of GDM was 13.4% in cases screened before they developed ICP (OR 1.66, 95% CI: 0.89-3.10, p = 0.11), rising to 30% (OR 4.69, 95% CI: 1.98-11.1, p = 0.0002) following the onset of cholestasis. The results clearly showed higher risk of GDM among patients with ICP and proved association between this two conditions. The same study presented that overweight was more common in ICP women than in not complicated pregnancies, although the difference was not statistically significant (p = 0.11) and probably did not have impact on GDM prevalence.
Subsequently, another study by Martineau et al. [35] confirmed these results and suggested not only higher prevalence of GDM, but also higher postprandial plasma glucose levels among pregnancies complicated by ICP comparing to control group. The mean maternal peak of postprandial glucose concentrations was significantly higher in women with ICP compared with uncomplicated pregnancy (7.2 vs. 6.4 mmol/l, p ≤ 0.005) measured by continuous glucose monitoring (CGM) system. Similar results were presented using a standard oral glucose tolerance test (OGTT). Furthermore, analysis of plasma glucagon like peptide (GLP-1) levels revealed its concentrations at 60 minutes following glucose ingestion to be significantly decreased in ICP.
The mechanism of changes in glucose metabolism may potentially be related to reduced activity of FXR, which influences glucose, lipid and BA homeostasis. As it was mentioned above ICP patients had downregulated FXR function due to antagonism of sulphated progesterone metabolites which level is elevated. Physiologically, primary bile acids -CA and CDCA, suppress the expression of key enzymes involved in gluconeogenesis by interaction with FXR [36] . Additionally, BA have recently been reported to act synergistically with glucose to promote β cell insulin secretion [37, 38] , as well as induce expression of the insulin-regulated glucose transporter GLUT-4, through FXR-mediated pathways [39] . Disruption in these homeostatic pathways may promote impaired glucose tolerance observed in ICP.
Enteric BA also stimulate the G protein-coupled receptor TGR5, resulting in GLP-1 release and further stimulating pancreatic endocrine activity, increasing insulin and decreasing glucagon release. It is therefore probable that the insulinotropic effect will be attenuated in ICP, both directly and indirectly, due to reduction of the enterohepatic BA circulation [40, 41] .
From the 12 th week of pregnancy, lipid parameters, including total cholesterol (TC), triglycerides (TG), low-density lipoprotein-cholesterol (LDL-C) and high-density lipoprotein-cholesterol (HDL-C) are increased, especially in the second and third trimesters [42] . These physiological differences in the lipid profile were excessive in women with ICP. Moreover, according to the study of Jin et al. [42] hypertriglyceridemia could be considered as significant predictor of ICP. High TG at the second trimester were significantly associated with the morbidity of ICP (p = 0.006, AOR = 1.50, 95% CI: 1.12-2.00). Additionally, every mmol/l elevation in maternal third-trimester TG concentration was associated with an increased risk of this condition (p = 0.002, AOR = 1.28, 95% CI: 1.09-1.51).
Dann et al. [43] assessed plasma lipid concentrations in non-fasting blood samples from 132 pregnant women (63 women with ICP) during pregnancy and at 4-6 weeks postpartum. In the ICP group TC concentrations were significantly elevated compared to controls either during the gestational or postnatal period (p = 0.001). No significant difference in very-low-density lipoprotein (VLDL) cholesterol concentrations were found. Plasma LDL-C was consistently elevated from 16 weeks (p = 0.001) over whole pregnancy and even postpartum in the ICP women compared to control groups. Almost all (92%) of ICP cases had maximal LDL-C level over 3.4 mmol/l (120 mg/dl), whereas only 42% of controls exceeded this level. Apolipoprotein B-100 level was also raised, but the difference was not significant between mentioned groups. HDL-C was slightly lower in the ICP group. No significant differences in HDL-C levels were detected postnatally between analyzed groups. Consequently, cardiovascular risk indices LDL/HDL-C cholesterol and TC/HDL-C were consistently higher in the gestational period and in postnatal samples in the ICP group compared to controls.
Subsequently, two studies confirmed, beside such a character of lipid profile changes, TG concentration to be significantly higher in ICP women when compared to uncomplicated pregnancy [35, 42] . The lipid changes associated with ICP could be the consequence of the modulation of lipid metabolism by BA similar to changes of glucose metabolism described above. Several studies presented almost identical modification of the lipid profiles in FXR-deficient mice [44, 45] . The only difference was observed in HDL-C concentration, which level was decreased among ICP patients compared to FXR-deficient mice. Expression of PPAR-α, a nuclear receptor regulating expression of apolipoprotein A1 (a major protein component of HDL), is enhanced by FXR. Interestingly, either HDL-C or apolipoprotein A1 levels are decreased in ICP with ad-vancing gestation due to suppression of FXR, associated with elevated reproductive hormone excretion [35] .
Human studies have shown that the intrauterine environment is one of the principal factor having an impact on development of metabolic disease in adults. As mentioned before, the study by Papacleovoulou et al. [20] showed that 16-year-old children of mothers with ICP had altered lipid profiles in comparison to control group. Males had increased BMI (23.36 kg/m 2 vs. 21.07 kg/m 2 , p < 0.05) and insulin level (23.60 mU/l vs. 10.76 mU/l, p < 0.05), while females exhibited increased waist (77.5 cm vs. 71.8 cm, p < 0.05) and hip (96.7 cm vs. 92.9 cm, p < 0.05) girth compared with the offspring of uncomplicated pregnancies. These results were also validated in the mouse model. The metabolic profiles of both male and female offsprings of ICP mothers were associated with a preobese and prediabetic phenotype as well as altered biochemical profiles. The potential mechanism of programming effect in the offspring is linked to excessive BA in utero, which escalates cholesterol storage and transport in the fetoplacental unit.
The role of ICP in pathogenesis of metabolic disorders, such as glucose intolerance and dyslipidemia, is incontrovertible, although is it possible that these conditions are primary causative factors in ICP?
According to Dann et al. [43] , ICP related dyslipidemia presented in their study could be the effect of the modulation of lipid metabolism by BA. Though, BA (and other liver function markers, e.g. ALT, AST, GGT) were only raised from 28 weeks gestation, whereas LDL-C was shown to be elevated from 16 weeks of gestation. That several-weeks interval confirms that the changes of LDL-C profile may be essential in ICP pathogenesis, rather than a result of the disease process. Contrarily, BA may be responsible for the modification of HDL-C among ICP women.
A population-based study from China [42] suggested that maternal high TG concentration during the second and third trimester were independently and significantly associated with a greater risk of ICP.
A primary role for altered lipid metabolism in the pathophysiology of ICP is valid. Lipoproteins redound to oxidative stress and influence cell membrane fluidity, permeability of canalicular epithelium, and the function of hepatobiliary transporters and receptors. Lipids also promote synthesis of cholestatic metabolites of placental steroid hormones [43] . Another evidence of essential role of dyslipidemia in ICP pathogenesis, is the case of a 26-year-old woman with a history of familial combined hyperlipidaemia [46] . She also presented with a recurring ICP, with an early onset of symptoms (16 weeks of gestation) and a severe clinical trial (serum BA level up to 207 µmol/l). Co-existing diseases, which modify lipid metabolism, such as familial combined hyperlipidemia, may not only be a trigger of ICP, but also escalate its severity. Cholesterol is also the precursor for the synthesis of steroid hormones and BA. This process of BA synthesis is one of the prevalent ways of excretion of cholesterol excess. The primary route to BA is initiated by 7α-hydroxylation of cholesterol by cholesterol 7α-hydroxylase, a microsomal cytochrome P450-dependent enzyme. Post et al. [47] proved that lipoprotein cholesterol induces the expression of cholesterol 7α-hydroxylase gene directly at the level of its transcription and, in consequence, up-regulates BA synthesis. As we can see, hyperlipidemia presents multiple effect on ICP pathogenesis. This complex mechanism is shown in Figure 1 .
Metabolic pathways may be regulated by some muscle, adipose tissue and hepatic related factors termed myokines, adipokines and hepatokines, respectively. Up-to now the data regarding the meaning of these factors in ICP is explained very sparsely or not at all.
Irisin is a novel exercise-induced myokine, which is able to regulate glucose and lipid levels, improving insulin sensitivity in experimental animal models [48] . Obese and diabetic patients have significantly decreased serum irisin level [49] . Kirbas et al. [50] analyzed ma- ternal serum irisin concentrations in 58 pregnant women with ICP and 30 healthy women with uncomplicated pregnancies. The study presented that serum irisin levels were significantly higher in the severe ICP comparing to mild ICP and control groups (p = 0.005 and p < 0.001, respectively). There was also a significant negative correlation between irisin and fasting blood glucose levels (r = −0.399, p = 0.021). According to those results the elevation of serum irisin concentration among ICP women potentially could be a compensatory reaction to pre-existing metabolic disorders.
Conclusions
Intrahepatic cholestasis of pregnancy is a relatively common hepatic disorder in pregnancy. Whereas environmental, endocrine and genetic factors are well known to be involved in pathogenesis of ICP, the role of metabolic disorders in this process is still poorly recognized. The relevance of myokines and adipokines which influence metabolic pathways has been hardly explained. Large-scale clinical trials are required to discover which metabolic pathways are altered in ICP. These knowledge is indispensable to establish new, more effective management strategies for ICP and as a consequence to improve both maternal, and especially fetal prognosis.
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